Abstract -In this study, the principal components methodology was used to analyze performance and carcass traits measured in a 3747 F2 experimental population of Gallus gallus. This technique allows us to reduce the number of variables considered in the evaluation of the animals, which may facilitate genetic programs. Performance traits were body weight at 35 and 42 days of age, and weight gain from 35 to 42 days of age; carcass traits were the following: weights of liver, heart, gizzard, wings, thighs, breast and lung. The five first principal components explained about 93.3% of the total variation, and the first component explained 66%. The first component was called 'General Weight', because the largest eigenvectors were associated with body weight at 35 and 42 days of age and liver, breast, wing and thigh weights. Heritability of the first principal component was 0.23 ± 0.05. The genetic gain of a selection index with the first two principal components was similar to the selection index gain with 10 original traits. The principal components methodology was efficient to evaluate the total variance in this group of correlated traits, allowing a drastic reduction in the number of traits to be included in the selection index for breeding purposes. principaux vecteurs étaient associés au poids vif. L'héritabilité de la première composante principale était de 0,23. Le gain d'index de sélection avec deux composantes principales est apparu similaire au gain d'index de sélection obtenu à partir des 10 critères initialement retenus. En conclusion, cette analyse en composantes principales s'est montrée efficace pour estimer la variance totale d'un groupe de critères pris en compte pour la sélection. Cette approche diminue de manière importante le nombre de mesures à réaliser dans le cadre d'un programme d'amélioration génétique du poulet de chair.
INTRODUCTION
Body composition and growth performance are important to assess the potential of development in broiler type chickens. Thus, body weight at various ages, weights of parts of the carcass, weight gain, carcass yield and feed efficiency are examples of variables that can indicate the usefulness of the chicken for commercial purposes.
A comparison of carcass composition and yield of 1957 versus 2001 broilers was conducted by Havenstein et al. [7] , and the increase in breast meat was attributed mainly to genetic improvement. Reddish and Lilburn [12] observed larger breast weight in an improved strain for increased weight gain as compared with a control. Therefore, evaluation of carcass traits represents a primordial interest to supply information to the genetic breeding programs.
According to Morrison [11] the principal components analysis is a multivariate methodology that can be used with success when characteristics are correlated. This analysis transforms an original group of variables into another group, principal components, which are linear combinations of the original variables. The main advantage is the independence of these components. From the viewpoint of animal genetics and improvement, principal components simultaneously consider a group of attributes which may be interesting for selection purposes. Another important aspect is that each of the principal components explains a percentage of the total variance. The first principal component explains the highest percentage of this variance.
There are only a few reports about the use of principal components analysis in chicken data. Ibe [8] analyzed the body weight of Gallus gallus at different ages, together with four body linear measurements: breast and thigh widths, and shank and keel lengths. In all ages the first two principal components explained at least 85% of the total variation. According to this author, the principal components could be used in the selection index to simplify them, because such an index would have few principal components in the place of all the original traits.
Abreu et al. [1] used the principal components technique to evaluate the combining ability of chicken strains for production traits. For this type of data the methodology was not efficient because it was not possible to explain a high percentage of the total variance with a reduced number of principal components. However, Abreu et al. [2] , who worked with egg production and reproductive data, concluded that principal components analysis was efficient, since it was possible to explain 98% of the total variation with the first two components, and also reporting that selection based on components of high discriminatory value may bring satisfactory results.
Debut et al. [4] used principal component analysis for evaluating and understanding the relationships among meat quality indicators, such as muscle and meat quality traits, considering chickens from Principal components for chicken 421 two genotypes and different pre-slaughter stress conditions.
In this study, principal components analysis was applied to a set of growth and carcass traits of chickens in order to reduce the number of traits and understand their relationship for genetic and breeding purposes.
MATERIALS AND METHODS

Experimental animals
Data from 3747 birds from an experimental F2 population originating from reciprocal crossing between broiler and layer lines were used. Both lines were developed by the EMBRAPA Swine and Poultry Research Center, and have been under multitrait selection for about 10 generations as reported by Figueiredo et al. [5, 6] . This population was raised for the purpose of quantitative trait loci mapping. The animals were raised as broilers, receiving water and feed ad libitum. The feed for the initial phase, from 1 to 21 days of age, contained 21% crude protein and 3150 kcal ME per kg; from 22 to 35 days, the chickens received feed for the growing phase, with 20% crude protein and 3200 kcal ME per kg, and in the final phase, from 36 to 41 days, the feed was composed of 18.5% crude protein and 3200 kcal ME per kg. Corn and soy crumb formed the feed base. After the weighting at 41 days, the chickens did not receive feed and they had their weights again measured at 42 days of age, a little before slaughter.
Traits evaluated
A total of 10 traits were considered in this analysis: body weight at 35 and 42 days of age, weight gain from 35 to 42 days of age, and the weights of the liver, heart, gizzard, wings, thighs, breast and lung.
Statistical analyses
The data were adjusted for the fixed effects of line, sex, hatch, and interactions line × hatch, line × sex, and sex × hatch, with the GLM procedure of SAS [13] .
The normality assumption was verified for each of the traits, and when data did not approximate to the normal distribution, it was transformed by square root or logarithmic scale.
According to Johnson and Wichern [9] , principal components are linear combinations of the original variables and are estimated in such a way that the first principal component explains the largest percentage of the total phenotypic variance. The second principal component explains the second largest percentage and so on, until the whole variance is explained. Each of the original variables is associated to the principal component through an eigenvector, whose absolute value determines the importance of the traits for the principal component. Considering a p-variate system, the ith principal component is given in expression PC i = a i1 X 1 + a i2 X 2 + · · · + a i j X j , with i = 1, 2, · · · , n principal components and j = 1, 2, · · · , p original variables, where a i j is the jth component of the coefficient vector of the linear transformation, and X j is the jth original variable. The eigenvectors and eigenvalues were estimated starting from the correlation matrix, because the variables presented very divergent variances. For the selection of the principal components, the criterion adopted was the percentage of approximately 90% of the total variance explained. The PRINCOMP procedure of SAS [13] was used for the principal component analysis.
Heritability of each of the principal components was estimated by the DXMUX program (Meyer, [10] ), which fits an animal model, using a derivativefree algorithm and restricted maximum likelihood method. The selection indexes for the principal components and original variables were obtained according to Van Vleck [15] , by a SAS macro with comments presented by Saxton et al. [14] . In order to compare gains from these different indexes, economic values equal to one were used for each of the principal component and original trait. Due to scale differences between principal components and the original traits, the selection index gain was divided by its respective standard deviation.
RESULTS
While the first five principal components explained approximately 93.3% of the total variance, the first principal component alone explained 66% (Tab. I). The correlation between the original traits and the first principal component were all positive and high (Tab. II), except for gizzard, heart and lung weights, and weight gain from 35 to 42 days of age. The first principal component has only positive eigenvectors, and represents a weighted average of the traits.
For the second, third, fourth and fifth principal components, the largest correlations were observed with gizzard (0.70), weight gain from 35 to 42 days of age (0.53), lung (0.64) and heart (0.56) (Tab. II). Those principal components explain about 7.56%, 6.97%, 6.6%, and 6.18% of the total variance (Tab. I), ∆G -with the ten original traits; ∆G1 -with the first two principal components; ∆G2 -with the first three principal components; ∆G3 -with the first four principal components; and ∆G4 -with the first five principal components.
respectively, and their eigenvectors are positive and negative (Tab. III). According to Ibe [8] , the principal components with positive and negative eigenvectors are related to the shape of the animals. The heritabilities for the first five principal components were 0.23 ± 0.05, 0.42 ± 0.08, 0.14 ± 0.03, 0.19 ± 0.04 and 0.32 ± 0.06, respectively. The genetic gains obtained with the several selection indexes based on the principal components can be observed in the table (Tab. IV).
DISCUSSION
The principal component analysis allowed better understanding of the complex correlations among the traits and reduced the number of traits, using only the five first principal components, without loss of information.
The first five principal components explained together a high percentage of the total variance (Tab. I). Therefore, they are interesting for the purpose of evaluation and comparison of animals. Since the correlation between the principal components was zero, the selection of animals for any principal component will not cause correlated response in terms of other principal components.
The first principal component (PC1), which represents the size component, was named 'General Weight' because animals with larger values for the traits also presented larger values for the first principal component, whereas the second, third, fourth and fifth principal components are shape components, because they contrast animals in function of the traits.
The correlation coefficients (Tab. II) and eigenvectors (Tab. III) indicate the importance of each of the traits for the principal component. Almost all the original variables had high correlation with the first principal component, except for lung, heart, gizzard weights and weight gain from 35 to 42 days of age, indicating that these traits had a similar contribution to the first principal component. This was confirmed by the eigenvectors, which were very similar for most traits.
On the contrary, the second principal component (PC2) showed very low and sometimes moderate correlation with original traits, except gizzard weight (0.70). Therefore, for this component, the important variable was just gizzard weight, which means that animals with the largest values for this component presented larger gizzards. This component was called 'Gizzard Weight'.
For similar reasons, the third (PC3), fourth (PC4) and fifth (PC5) components were called 'Lung Weight', 'Weight Gain' and 'Heart Weight', respectively, since they were strongly associated with just one of the original traits.
With these five principal components, it is possible to rank animals for general weight (PC1), gizzard weight (PC2), lung weight (PC3), weight gain (PC4) and heart weight (PC5), and thus select the animals based on a group of variables, rather than on isolated traits. According to Ibe [8] and Árnassom and Thorsteinsson [3] , another interesting possibility is to obtain a selection index using principal components. In this case, the selection index would have only five weighted coefficients that would facilitate its estimation when compared to the index with 10 traits.
The heritabilities clearly indicate that selecting chickens according to the scores of these principal components may result in genetic gain. To confirm this hypothesis, we prepared a selection index according to Van Vleck [15] . With PC1 and PC2, the selection index standardized gain was 1.75, while it reached 1.77 when including all original traits. These results indicate that it is possible to obtain comparable genetic gain with the selection index composed of principal components and index of original traits. However, in spite of the potential benefit given by principal components for multi-trait evaluation, its use in animal breeding programs has been relatively scarce, perhaps, partly because it is not always possible to explain high variance percentages with few principal components as it happened in this study. However, in circumstances when a good adjustment occurs, its practical use can bring great benefits to animal breeding programs because it can greatly facilitate the evaluations.
This study did not have the specific objective of obtaining principal components to be used in chicken breeding programs, especially because the data set here used comes from a reciprocal cross between broiler and layer lines. Our objective was to show that it is possible to obtain a linear combination of original traits in order to reduce the complexity of the selection index. Employing an index with only two principal components would be simpler than an index with 10 original traits. However, it is very important to remember that the principal components, in any study of this type, should explain a very high proportion of the total variance, to be sure that this total sample variance is fully exploited.
It can be concluded that the principal component analysis is an interesting tool for evaluating and understanding the total variance originated in a group of correlated traits, allowing for a drastic reduction in the number of traits to be considered in the selection index of poultry breeding programs
